By measuring blood flow in the ascending aorta with an electromagnetic flowmeter, continuous observations of cardiac output were performed in the dog during various cardiovascular reflexes. Attempts were made to analyze how changes in cardiac output and peripheral resistance contributed to each reflex. The depressor reflex to sinus nerve stimulation was attributable to three separate processes which might occur in the following order: an early decrease in cardiac output with bradycardia due to vagal impulses, a decrease of peripheral resistance, and a late decrease in cardiac output. The pressor reflex to strong stimulation of a mixed nerve was usually induced by an increase of both peripheral resistance and cardiac output. On the other hand, the pressor response to occlusion of the bilateral common carotid arteries was evoked by an increase of peripheral resistance alone. It is concluded that cardiac output and peripheral resistance, two major blood pressure determining factors, may be changed separately in cardiovascular reflexes.
By measuring blood flow in the ascending aorta with an electromagnetic flowmeter, continuous observations of cardiac output were performed in the dog during various cardiovascular reflexes. Attempts were made to analyze how changes in cardiac output and peripheral resistance contributed to each reflex. The depressor reflex to sinus nerve stimulation was attributable to three separate processes which might occur in the following order: an early decrease in cardiac output with bradycardia due to vagal impulses, a decrease of peripheral resistance, and a late decrease in cardiac output. The pressor reflex to strong stimulation of a mixed nerve was usually induced by an increase of both peripheral resistance and cardiac output. On the other hand, the pressor response to occlusion of the bilateral common carotid arteries was evoked by an increase of peripheral resistance alone. It is concluded that cardiac output and peripheral resistance, two major blood pressure determining factors, may be changed separately in cardiovascular reflexes. heart and the resistance and capacitance vessels took part in these reflexes.
METHODS
Experiments were performed on dogs anesthetized with morphine hydrochloride (5-10mg./Kg., s.c.) and alpha chloralose (50-100mg./Kg., i.v.). The trachea was cannulated for artificial ventilation with a positive pressure pump. Either the femoral or common carotid artery was catheterized to record arterial blood pressure with a strain gauge electric manometer. The chest was opened by mediastinotomy and the pericardium was slit over the ascending aorta. A Kolin type coreless transducer was attached around the ascending aorta for measurement of aortic flow. Most of the heart remained in the pericardium throughout the experiment.
The electromagnetic flowmeter used in this study was constructed in our laboratory for the most part according to Kolin.1)-3) The technical details have already been described elsewhere.4),5) With this flowmeter, the tracing of instantaneous flow velocity in the ascending aorta was as shown in Fig.1 .
The forward flow was observed only in the ejection phase of cardiac cycle and the flow was nearly zero in the interval, drawing the base line for this flow recording. If the coronary flow is neglected, the area under each ejection curve represents the stroke volume. In the present study, aortic flow was recorded at relatively slow speeds of recording paper as shown in the following figures, where each stroke of the heart is represented as a bar on the ordinate, instead of a curve over an area as in Fig. 1 . By experience, it is known that the length of the bar is roughly proportional to stroke volume. To visualize continuous change of cardiac output which is affected by both stroke volume and heart rate, the instantaneous aortic flow is electrically integrated by an RC filter of a time constant of 0.5-1 sec. and recorded in parallel with the instantaneous aortic flow. The sinus nerve was dissected free and severed to be stimulated at its central end. The median, ulnar and internal cutaneous nerves were exposed in the axilla and held together by a common ligature. This bundle will be referred to as the brachial nerve and was stimulated as a representative mixed nerve. A Nihon Kohden Model SE 2 stimulator provided the stimulation currents. Rectangular pulses of 2-10V, 10-100 cycles/sec. and 1 or 5 msec. pulse duration were used. 
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Depressor reflex to sinus nerve stimulation: The reflexive blood pressure decrease to electrical stimulation of the central cut end of the sinus nerve was attributable to three processes which occurred in the following order: an early decrease of cardiac output due to bradycardia, a decrease of peripheral resistance and a late decrease of cardiac output. However, in most animals, only one or two of these three processes occurred to a clearly observable extent. The most consistently occurring of the three was the decrease in peripheral resistance. The early decrease of cardiac output was insignificant when reflex bradycardia was mild, because the effect of bradycardia tended to be offset by a compensatory increase of stroke volume which maintained cardiac output almost unchanged. The extent of the late decrease in cardiac output, which was observed only after a long-lasting stimulation, was also variable from animal to animal. Effects of tetanic stimulation of the sinus nerve on cardiac output and blood pressure. From the top to the bottom, time mark (1 sec.) and stimulation mark, instantaneous aortic flow (AF), integrated aortic flow (CO, cardiac output) and systemic arterial blood pressure (BP).
In the experiment illustrated in Fig.2 , only the first two of the above stated three processes were clearly observed. When the central cut end of the sinus nerve was tetanically stimulated, the heart beat stopped momentarily and then resumed with a slow and irregular rhythm as shown on the tracing of instantaneous aortic flow (AF). The resulting decrease in cardiac output was well represented on the tracing of integrated aortic flow (CO). Blood pressure also decreased abruptly in parallel with cardiac output. After stimulation was turned off, however, a marked discrepancy was observed between cardiac output and blood pressure: Cardiac output recovered rather rapidly while the recovery of blood pressure was delayed approximately 10 sec. Since blood pressure is mainly determined by cardiac output and peripheral resistance, it may be said that the initial part of blood pressure decrease IRIUCHIJIMA AND OGATA Jap. Heart J. January, 1964 in this experiment was mainly contributed to by a decrease in cardiac output and the latter part by a lowering in peripheral resistance. When the reflexly induced bradycardia was not intense, the initial decrease in cardiac output was absent, as in the experiment in another dog illustrated in Fig.3A .
In this instance, the compensatory increase of stroke volume offset the effect of bradycardia. The absence of the initial decrease in cardiac output prolonged the latent period for the blood pressure decrease over that of the previous instance. As stimulation was continued, stroke volume gradually diminished, resulting in a decrease of cardiac output. The record in Fig.3B was taken in the same animal after severance of the bilateral vagus nerves. Even after this procedure, though bradycardia was absent, the effects on cardiac output and blood pressure stayed almost unchanged. In this instance, the depressor reflex may be said to be induced by an inhibition of sympathetic impulses because the vagal impulses which induced bradycardia were without effect on both cardiac output and blood pressure due to the compensatory increase in stroke volume.
Pressor reflex to a mixed nerve stimulation: Fig.4 illustrates an experiment in which the brachial nerve was strongly stimulated in a dog immobilized with Flaxedil (2mg./Kg., after anesthesia with morphine and chloralose). Upon stimulation, heart rate was increased and stroke volume was first diminished while cardiac output remaining nearly unchanged. Blood pressure was already increasing by this time, indicating an increase in peripheral resistance. Several seconds later, cardiac output started increasing with an increase of stroke volume.
In some animals this pressor reflex to strong stimulation of a mixed nerve was induced without appreciable change in cardiac output. In other words, only an increase of peripheral resistance was observed.
Weak stimulation of a mixed nerve is generally believed to induce a decrease in blood pressure. However, this reversal of blood pressure response by changing strength of stimulation was not observed on the dog anesthetized with morphine and chloralose and immobilized with Flaxedil. Stimulation of the brachial nerve, whenever it was effective, always evoked an elevation of blood pressure. Pressor response to occlusion of the bilateral common carotid arteries: Occlusion of the bilateral common carotid arteries induces elimination of baroreceptor inhibitory influence presumably with some concomitant activation of chemoreceptors resulting in elevation of blood pressure.6),7) Recently, it has been shown by Brown and others8) that the concomitant cerebral anemia enhances this reflex. Fig.5 shows the pressor response to this experimental procedure in a dog. This increase of blood pressure was not accompanied by any appreciable change in cardiac output and could be attributed to an almost pure increase of peripheral resistance. The failure of carotid occlusion to change cardiac output was a constant finding except when the occlusion induced a marked acceleration of the heart, leading to a slight increase of cardiac output. In most animals, slight tachycardia on occlusion of the bilateral common carotid arteries and also slight bradycardia on releasing were compensated for by respective decrease and increase of stroke volume and had no appreciable effect on cardiac output.
DISCUSSION
Cardiac output and peripheral resistance are the two major blood pressure determining factors. Cardiac output is modified by the vagal and sympathetic impulses to the heart and by the sympathetic impulses to the capacitance vessels (essentially identical with veins). Variation in the tone of the veins affects venous return and hence cardiac output considerably.6),9) On the other hand, peripheral resistance is under the control of sympathetic nerves supplying the resistance vessels. In the depressor reflex to the sinus nerve stimulation, the initial decrease in cardiac output is due to the bradycardia induced by vagal impulses. The decrease in peripheral resistance which comes next may be ascribed to the reflexive inhibition of the tonic sympathetic impulses to the resistance vessels. The mechanism of the late decrease in cardiac output is more obscure. Presumably this is induced by a reflexive inhibition of the tonic sympathetic impulses to the capacitance vessels and heart.
The pressor reflex to strong stimulation of a mixed nerve may be attributed to an increase of sympathetic impulses to the resistance and capacitance vessels. Thus these vessels constricted to retain more blood in the arterial system and squeeze reserve blood from veins, resulting in an increase of both blood pressure and cardiac output. The sympathetic nerve to the heart may be excited concomitantly, also contributing to the increase of cardiac output.
The pressor response to occlusion of the bilateral common carotid arteries seems to be explained by an increase of sympathetic impulses to the resistance vessels alone, because blood pressure increased without appreciable change in cardiac output unless the concomitant change in heart rate was extreme. This observation is in accordance with the result obtained by Groom and others in the cat.10) By a radioactive indicator dilution method, they found no consistent change in cardiac output during the systemic hypertension produced by reducing the pressure in the carotid arteries. The concomitant increase in sympathetic discharges to the capacitance vessels and heart might be too slight to evoke any appreciable effect on cardiac output.
Recently, a difference in the extent of nervous vasoconstriction was demonstrated between the resistance and capacitance vessels.6),11) The data obtained in the present study seem to support the view that the resistance and capacitance vessels may be constricted separately: The pressor response to bilateral carotid occlusion always, and the pressor reflex to strong stimula- (2) The depressor reflex to sinus nerve stimulation was attributable to three separate processes which might occur in the following order: an early decrease in cardiac output with bradycardia due to vagal impulses, a decrease of peripheral resistance, and a late decrease in cardiac output.
(3) The pressor reflex to strong stimulation of a mixed nerve was usually induced by an increase of both peripheral resistance and cardiac output. However, the change in cardiac output was not constant and, when it was present, it appeared later than that in peripheral resistance.
(4) The pressor response to occlusion of the bilateral common carotid arteries was evoked by an increase of peripheral resistance alone.
(5) It may be concluded that cardiac output and peripheral resistance, two major blood pressure determining factors, may be changed separately in cardiovascular reflexes.
